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ABSTRACT
In and around Hyderabad, India, samples of turmeric powder were tested for macro, micro, and heavy metals.
The turmeric samples were gathered from open markets in two different ways: branded (packed) samples,
identified by numbers 1 to 14, and unbranded (loose) samples, identified by numbers 15 to 30. ICP-MS
Technique was used to identify the following elements in these samples: Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Ag,
Cd, Ba, Ph, Ca, and Mg. The increasing focus on figuring out different macro, micro and heavy metal analyses
in order to detect contamination levels and protect public health. However In this work, inductively coupled
plasma mass spectroscopy is used to investigate the amounts of heavy metals. The concentrations of Mn, Fe, Al,
Ca, Mg were observed to be higher than the recommended limits which the FSSAI had authorized, the study
intends to ascertain the level of heavy metals in commonly used spices sold at stores and open markets, as well
as to estimate health hazard concerns associated with heavy metal intake through spice consumption has given
the significance of this research and its significant connection to human health.
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I. INTRODUCTION

Heavy metals are necessary and harmful, their frequent contamination of food has drawn attention from
researchers and studies during the past 10 years (Al-Eed et.al 2002). Environmental pollution is the main factor
contributing to heavy metal contamination in the food chain (K.I. Kasozi et.al 2021) . The amount of heavy
metals added to food throughout its manufacture, shipping, processing, and fortification determines how much is
present in each individual food (M. Neyestani et.| 2020) . Due to the vital or dangerous impacts that trace metals
can have on human health, it is imperative that we comprehend the amount of these metals in food (E.I. Brima
etal 2017) . Even in minute concentrations, heavy metals are not necessary for human health, and their
bioaccumulation makes them hazardous. The steady rise in a chemical's concentration within a biological
organism is known as bioaccumulation, as opposed to chemical concentration in the environment (D. Savoca
et.al 2021). Regular ingestion of heavy metal-contaminated spices can lead to metal buildup in the body's
organs. (Z.Z. Aberieet.al 2021).. Because heavy metal accumulation can pose short-, medium-, and long-term
health hazards, it is recommended to regularly evaluate these contaminants attentively (H. Mubeen et.al 2009).
Copper, iron, and zinc are examples of basic metals that are necessary for normal body development but
excessive concentrations are dangerous and seriously endanger the health of people and animals (A. Marian et.al
2010). Certain metals, including lead and cadmium, are dangerous even at extremely low quantities (Inam et.al
2013) Excessive levels of heavy metals have an adverse effect on human health and can cause premature labor,
mental retardation in children, and illness in foetuses (Mubeen et.al 2000). Considerable study is needed to solve
this issue because these heavy metals may be harmful to human health, including neurological abnormalities,
growth retardation, and immune system deficiencies (Sattar et.al 1989). Spices are dried plant parts that are
added to food as dietary components to improve its flavor, color, and aroma (Singh et.al 2001). When heavy
metal-contaminated spices are added to food to improve its flavor, these metals may accumulate in human
organs and have negative health effects. Through the food chain, the accumulation of potentially dangerous
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metals might subsequently affect physiological processes in humans (Verpoort et.al 2003). Each spice has a
different amount of heavy metals according on the growing environment, agronomic techniques, and processing.
(Cicero N. et.al 2022). Furthermore, heavy metal contamination is increasingly being caused by economically
driven indulgence. (Chachan S et.al 2021). The primary analytical techniques used for evaluating the elements
in spices and condiments are inductively coupled plasma and atomic absorption/emission modalities (ICP-MS).
(Tokalioglu S et.l 2018), (Russom E et 2019), (Reinholds I et.al 2017). This study's primary goal is to
determine the amount of heavy metals, macro elements and microelements The elements (Al, Cr, Mn, Fe, Ni,
Cu, Zn, As, Se, Ag, Cd, Ba, Pb, Ca, and Mg) found in common spices that were purchased at neighborhood
markets in Hyderabad. Additionally, a comparison was made between the studied heavy metal level and the
FSSAIl-approved standard level.

I1. MATERIAL AND METHODS
A variety of 500 gram samples of turmeric powder both branded and unbranded were gathered from various
locations in the super markets and open markets. These samples were then sealed in ziplock bags and tested with
ICP-MS testing in the State Food Laboratory Nacharam, Hyderabad. Locations of various samples that has
been collected are listed in the table given below.

Table 1: Naming & Location of the Collected Branded and Unbranded Turmeric Samples

eSS thranded Samples
(Loose Turmeric Powder From Open Markets)
Sample No Location Sample No Location
1 Saroornagar 15 Malakpet
2 Osmangunj 16 Miyapur
3 Dmart Champapet 17 Maddanapet mandi Saidabad
4 Saroornagar 18 Erragadda
5 Dilshuknagar 19 Open market roadside
6 Heritage fresh Saidabad 20 L.B Nagar
7 Dmart Champapet 21 Pragathi Nagar
8 Ashoknagar 22 Openmarket
9 Dmart Champapet 23 Nallagandla, Lingampally
10 Dmart Champapet 24 BegumBazar
11 Heritage fresh Saidabad 25 BegumBazar
12 Honey Rostea Saidabad 26 Osmangunj
13 Heritage fresh Saidabad 27 Dilshuknagar
14 Heritage fresh Saidabad 28 Kukatpally
29 Secunderabad
30 Secunderabad

Sample Preparation:

The microwave digestion system must be used to prepare the food samples for testing. Water is used to dilute
the digested solution. The calibration solutions' nitric acid concentrations have to be comparable to the test
solution's final nitric acid concentrations.

METHODOLOGY : The Inductively Coupled Plasma Mass Spectrometry (ICP-MS) system with cross flow
nebulizer was used to analyze the samples for several elements, and the standard operating procedure outlined in
the Perkin Elmer NEXION 2000 manual was adhered to. Multi-elemental standards were used to analyze in the
the digested samples Argon gas is used to check the purity at a operating pressure of 3200 VA, and helium is
used for collision cell to check the high purity, high purity nitric acid and high purity Hydrochloric acid is used
and 30% of hydrogen peroxide is used An HNO3 tuning solution containing 0.5% HCL is used to adjust the
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ICP-MS in order to assess the purity of trace elements. Establishing Work Standards and Prepare multi element
working standards by diluting the intermediate standard with 5% HNO3 — 0.5% HCI.

Tablel. Maximum Heavy Metal Limit Values in Turmeric Powder

S.No. The Heavy Metal's Name FSSAI Permissible Limit (PPM)
(PPM)

1 Chromium 5

2 Manganese 5

3 Iron 5

4 Nickel 5

5 Arsenic 0.1

6 Silver 0.1

7 Cadmium 0.1

8 Lead 10

9 Zinc 25

10 Selenium 0.1

11 Barium 0.1

12 Copper 5

13 Aluminium 5

14 Calcium 10

15 Magnesium 10

Concentration of Heavy Metals (Cr) in Turmeric Powder as per FSSAI
Standards
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Figure 1. The highest concentration of heavy metals (Cr) in thirty samples of powdered turmeric.

Chromium (Cr) : It has been determined that all of the thirty samples that were examined falls within the
allowable limit. As a result, none of the spice samples included in the study are harmful to health; instead,
Considering the various exposure sources, it is believed that heavy metal levels in turmeric powder should be
closely watched.
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Figure 2. Maximum Concentration of Heavy Metals (Mn) in 30 thirty samples of powdered turmeric.
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Magnesium (Mn) : All thirty of the examined samples with the exception of sample no nine have been found to
have Mn concentrations that exceed the allowable limit according to FSSAI standards.

Concentration of Heavy Metals (Fe) as per FSSAI Standards
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Figure 3. Maximum Concentration of Iron (Fe) in 30 samples of powdered turmeric.

Iron (Fe) : It has been found that all of the thirty samples had a concentration of iron that exceeded the FSSAI
Standard's recommended limits.

Concentration of Heavy Metals (Ni) as per FSSAI Standards
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Figure 4. Maximum Concentration of Heavy Metals (Ni) in 30 Turmeric Powder samples.

Nickel (ni) : It has been noted that all of the thirty samples is below the allowable limit as specified by the
FSSAI Standards.

DOI:10.9790/1813-1304120130 www.theijes.com Page 123



Detection of Heavy Metal Levels in Packed and Loose Turmeric Samples in Hyderabad by ..

Concentration of Heavy Metals (As) as per FSSAI Standards

N M <t N O N0 0O d AN N <IN OWNN 00 0O O I N MO < 1NN OWN 0 O O
v NN . M NN N . NV N N A dJ ddH o H dJH AN AN AN M
v v» N ..V NN NN NN NN NN N N K KL N HL K h L L N

—o— As —m—Permissible Limit

Figure 5. Maximum Concentration of Heavy Metals (As) in 30 thirty samples of powdered turmeric.

Arsenic (As) : It has been noted that only two samples S3 and S5 out of thirty samples is below the allowable
limit as specified by the FSSAI Standards.

Concentration of Heavy Metals (Ag) as per FSSAI Standards
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Figure 6. Maximum Concentration of Heavy Metals (Ag) in 30 thirty samples of powdered turmeric.

Silver (Ag) : It has been noted that each of the thirty samples is below the allowable limit as specified by the
FSSAI Standards
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Figure 7. Maximum Concentration of Heavy Metals (Cd) in 30 thirty samples of powdered turmeric.
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Cadmium (Cd) : It has been noted that each of the thirty samples is below the allowable limit as specified by
the FSSAI Standards

Concentration of Heavy Metals (Pb) as per
FSSAI Standards
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Figure 8. Maximum Concentration of Heavy Metals (Pb) in 30 thirty samples of powdered turmeric.

Lead (Pb) : It has been noted that only one sample S4 out of the thirty samples is below the allowable limit as
specified by the FSSAI Standards

Concentration of Heavy Metals (Zn) as per FSSAI Standards
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Figure 9. Maximum Zinc Concentration of Heavy Metals in 30 thirty samples of powdered turmeric.

Zinc (Zn) : It has been noted that each of the thirty samples is below the allowable limit as specified by the
FSSAI Standards

DOI:10.9790/1813-1304120130 www.theijes.com Page 125



Detection of Heavy Metal Levels in Packed and Loose Turmeric Samples in Hyderabad by ..

Concentration of Heavy Metals (Se) as per FSSAI Standards
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Figure 10. Maximum Concentration of Heavy Metals (Se) in 30 thirty samples of powdered turmeric.

Selinium (Se) : It has been noted that only three sample no 1, 24,25 out of the thirty samples is above the
allowable limit as specified by the FSSAI Standards

Concentration of Heavy Metals (Ba) as per FSSAI Standards
20

: N AN
(%4

5 AA*%J\/

0
AN MO < N OO OO A AN N T 1N ONO0 OO O I N N < N O N0 O O
v N NN N NN N BN N N A ™o o dH A A H AN AN AN AN AN NN NN aNNMm
v N M»H NN NN »HL KL N NHL KL KL HL KL HL HL KL HhL HhL KL hL On
—— Ba —#—Permissible Limit

Figure 11. Maximum Concentration of Heavy Metals (Ba) in 30 thirty samples of powdered turmeric.

Barium (Ba) : It has been found that all of the thirty samples had a concentration of barium that exceeded the
FSSAI Standard's recommended limits.

Concentration of Heavy Metals (Cu) as per FSSAI Standards
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Figure 12. The highest concentration of copper (Cu) in thirty samples of thirty samples of powdered turmeric.
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Copper(Cu) : It has been noted that only five samples no 4, 16,19,25,28 out of the thirty samples is above the
allowable limit as specified by the FSSAI Standards

Concentration of Heavy Metals (Al) as per FSSAI Standards
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Figure 13. Maximum Concentration of Heavy Metals (Al) in 30 thirty samples of powdered turmeric.

Aluminium (Al) : It has been found that all of the thirty samples had a concentration of aluminium that
exceeded the FSSAI Standard's recommended limits.

Concentration of Heavy Metals (Ca) as per FSSAI Standards
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Figure 14. Maximum Concentration of Heavy Metals (Ca) in 30 thirty samples of powdered turmeric.

Calcium (Ca) : It has been found that all of the thirty samples had a concentration of calcium that exceeded the
FSSAI Standard's recommended limits.
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Concentration of Heavy Metals (Mg) as per FSSAI Standards
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Figure 15. Maximum Concentration of Heavy Metals (Mg) in 30 thirty samples of powdered turmeric.

Magnesium (Mg) : It has been found that all of the thirty samples had a concentration of magnesium that
exceeded the FSSAI Standard's recommended limits.

I1l. RESULTS AND DISCUSSIONS

The thirty samples of turmeric that were analyzed for contamination with heavy metals, macro and
micro elements, and their potential effects on human health have produced a wide range of results, including
higher amounts than those recommended by the Food Safety and Standards Authority of India (FSSAI). The
ICP-MS results clearly indicated that dangerous heavy metals like manganese (Mn), ferrous (Fe), barium (Ba)
and aluminum (Al) are present in very higher concentrations as shown in the Graph given. Only one or two
samples were high in arsenic (As) and selenium (Se) whereas five to six samples were high in copper (Cu). All
the thirty samples i.e., branded and unbranded packages of turmeric were free of chromium (Cr), nickel (Ni),
cadmium (Cd), lead (Pb), silver (Ag) and zinc (Zn).

Only one sample in lead has been identified to be more with its concentration of 165.88377 PPM
Because of its high toxicity, lead (Pb) is a cumulatively toxic material that damages many human body systems,
particularly in young children. (G.J. Brewer et.,al 2020). Pb poisoning concentrates in the brain, bones, blood,
kidneys, thyroid gland, and blood, impairing thyroid gland function and causing mental retardation in children.
Pb metal is thought to be a direct competitor of Ca at protein absorption sites in the small intestine's mucous
membrane. (N. Singh et.,al 2018). Macro elements such as calcium and magnesium are also in very high
concentrations than the required amounts. The FSSAI permissible limit for Cr contamination was 5PPM and all
the samples of turmeric had chromium from the range of 0.05 to 1.5PPM which are considered supposedly safe
for human consumption. The permissible limits for Mn and Fe were 5PPM each but the values in the present
study ranged from 0.6 to 143PPM and 160 to 543PPM respectively which were too high. Research has shown
evidence that higher amounts of manganese and ferrous would cause neurotoxic effects in children and adults
(Albretsen, 2006; Wasserman et al., 2006; Wessling-Resnick, M., 2017). The permissible limits for Ni and Cu
were 5PPM each and the values from the study ranged from 0.03 to 0.61PPM and 2.9 to 4.9PPM respectively,
but five samples (sample 4, 16, 19, 25 and 30) showed higher concentrations of Cu, which ranged from 5.1 to
11.5PPM. Higher amounts of copper consumption led to liver, kidney, eyes and nerves damage (Bjorn et al.,
2023; Araya et al., 2003). Ag and Cd permissible limits were 0.1PPM each and all the samples in the present
study were within the range from 0.00035 to 0.006PPM and 0.0005 to 0.006PPM respectively. Pb and Zn were
also within their permissible limits of 10PPM and 25PPM respectively, which ranged from 0.01 to 0.29PPM and
5.7 to 24.8PPM respectively. Only one sample (sample 4) had a very high amount (165.88PPM) of lead which
could cause lead poisoning to animals and humans. In a similar study, (Paranthaman et al., 2021), worked on a
quantitative method for finding lead chromate adulteration levels in turmeric. As and Se are acceptable upto a
limit of 0.1PPM each as per the FSSAI standards and the present study results ranged from 0.02 to 0.1PPM and
0.01 to 0.1PPM respectively but very few numbers of samples have shown a bit higher value for As (sample 4, 5
and 30) and few numbers of Se samples (sample 1, 5, 10, 16, 24, 25, 29 and 30) were higher than the
permissible limits. Guha Mazumder., 2008 and (Ahmed et al.,2016) have mentioned in their studies that
prolonged exposure to arsenic pollution can lead to dangerous diseases like cancer and brain damage. The heavy
metal Ba is not supposed to be more than 0.1PPM in foods and spices but the present study samples all had a
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very high concentrations of Ba ranging from 3.3 to 7.7PPM which is too much. Barium carbonate is a chemical
component used in making rat poisons. Barium pollution leads to cardiac diseases and death. The permissible
limits for aluminum were 5PPM and the Al concentrations of the samples in the present study results ranged
from 133 to 1065PPM which can be considered extremely high and toxic for the public who consumed these
supposed turmeric powders daily. In larger doses, aluminum can be neurotoxic (Lawrence et al., 2012). Al may
be the source of neurofibrillary tangles and amyloid senile plaques in brain tissue associated with Alzheimer's
disease (AD). Chronically consuming too much aluminum can cause an imbalance in the body and impair one's
capacity for memory, reasoning, and cognitive function. (Chen, J et.l). It is inevitable that everyday use will
result in serious ailments like Parkinson's disease, Alzheimer's disease, and bone abnormalities. Microelements
Ca and Mg are permissible up to 10PPM each but in the present study their concentrations were extremely high
which ranged from 112 to 3133PPM and 2332 to 18203PPM (Graphs) indicating the adulteration with chalk
powder in all the samples. Fe is an essential component. Along with other components like hemoglobin and
ferrodoxin, Fe is essential for metabolism. Fe increases the oxidation of fat, protein, and carbs to control body
weight, an important aspect of several illnesses (diabetes), (S. Kumar et al., 2021). All the samples that has been
tested has shown higher concentrations of Fe in all the samples indicating Diabetes, heart failure, and cirrhosis
can also be brought on by an overabundance of iron. Symptoms of iron poisoning that appear early include
nausea, vomiting, and stomach pain (J. Briffa et al., 2020). Hence from the above results it can be clearly
concluded that the turmeric powder sample being marketed around the city of Hyderabad are all adulterated to
some extent with dangerous heavy metals, trace elements and microelements. Quality and public health are
compromised in rapidly growing food demand and human needs.

IV. CONCLUSION
Based on the findings, it can be said that, with the exception of a small number of metals, most of the
spices sold at Hyderabad's local market are not highly polluted with heavy metals. Since the daily intake of
spices is quite small, there are no negative consequences however, consumers may be at risk for health problems
if they use them excessively. Regularly checking spice samples is also advised.
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